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1.0 Introduction

1.1 Proposed indication.

Infliximab is licensed as a single dose for the acute treatment of Crohn’s  disease and for 3 doses to close
enterocutaneous  fistulae  in patients with fistulizing  Crohn’s disease. This supplement to the license
application is to extend the indication to patients with rheumatoid arthritis. The proposed amended
indication pertaining to rheumatoid arthritis is:

New Indication

Rheumatoid Arthritis
1.  for the  reduction of signs and symptoms in rheumatoid arthritis patients who have
an inadequate response to methotrexate.

1.2 Dose

Based upon their review ofthe 30-week  clinical data generated in the pivotal trial, COl6ST22  (T22,
ATTRACT), the sponsor proposed originally to license the dose of 3 mg/kg  every 8 weeks administered
intravenously. During the review of the clinical data, the sponsor analyzed the response of patients treated
with infliximab through week 54 and found that more patients treated with infliximab at the dosing
regimen, 10 mg/kg  every 8 or 4 weeks, continued to respond in the assessment of signs and symptoms.
The clinical response in patients treated with infliximab at all dosing regimens through week-54, including
the 3 mg/kg  given every 8 weeks, was sta&ically  greater compared to the number of patients who
responded to placebo in addition to methotrexate. Because of the suggestion of increased durability of
response through week 54, the sponsor amended the proposed dosing to:

“An initial 3 mgkg  intravenous infusion over a 2-hour  period is to be followed with additional 3 mg/kg-
infusion doses at 2 and 6 weeks after the first intision, then every 8 weeks thereafter. -

~ RemadeL- *
should be given & co-mbin&ion  with methotrexate.”

1.3 Organization of this Review

In addition to the supplement to the license submitted by the sponsor in January, 1999, this review
incorporates the additional safety update through week 54 submitted by the sponsor in April, 1999 and
further analyses of infections and human antichimeric  antibody formation (HACA)  submitted in July, 1999,
The review is organized into 4 sections:

l Background
l Review of the safety and efficacy data from the pivotal clinical trial, ‘I22  (A’M’R4CT)
l Review of the safety and efficacy data from the  supportive clinical trial, Tl4
. Review of the Consolidated Safety Database including the review of data detailing the occurrence of

delayed hypersensitivity reactions (BLA 99-0102)
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2.0 Background

2.1 Overview of Rheumatoid Arthritis

First described as a clinical entity in 1 SOO, rheumatoid arthritis (RA)  is a chronic multisystemic
inflammatory disease with prominent autoimmune features. Although the principal characteristic of
rheumatoid arthritis is persistent inflammatory synovitis,  it displays a variety of clinical manifestations as
defmed by the American College of Rheumatology:

l Morning stiffhess  ( 2 1 hr)
. Swelling of joints ( 2 3)
l Swelling of soft tissue of hand joints (PIP,  MCP*,  wrist)
l Symmetrical soft tissue swelling
. Subcutaneous nodules
. Serum rheumatoid factor
l Radiographic evidence of erosion or periarticular osteopenia in hand or wrist joints

* PIP = proximal interphalangeal; MCP = metacarpophalangeal
Criteria 1 to 4 must be continuous for 6 weeks. A diagnosis of rheumatoid arthritis requires that 4
of the 7 criteria be fulfilled.

The potential for synovial inflammation to cause pain, swelling, and tenderness, with subsequent cartilage
destruction, bone erosion, and joint deformities, is a cardinal manifestation of rheumatoid arthritis. Joint
involvement is typically symmetrical, a characteristic usually not found in other forms of arthritis.
Systemic, extra-articular symptomatology can include, fatigue, fever, weight loss, anemia, rheumatoid
nodules, rheumatoid vasculitis, pleuropulmonary manifestations (e.g., pleural disease, interstitial fibrosis),
pericardial effision,  Felty’s syndrome (rheumatoid arthritis accompanied by splenomegaly, neutropenia,
leg ulcers, thrombocytopenia, and the HLA-DR4  haplotype),  keratoconjunctiviGs,  and osteoporosis.

The clinical course of rheumatoid arthritis can vary considerably. Some patients may experience only mild
oligoarticular illness of short duration with minimal joint involvement, while others will experience
polyarthritis, accompanied by marked joint deformities. For most patients, however, rheumatoid arthritis
follows an intermediate course.

Epidemiology. The onset of rheumatoid arthritis is most fYequent  during the fourth and fifth decades of
life, with 80% of all patients developing the disease between the ages of 35 and 50 years. The overall
prevalence of rheumatoid arthritis is about 1% (range 0.3% to 2.1%),  with women affected three times
more often than men. The increased risk for RA among women remains unexplained, but suggests a
hormonal basis as one factor in rheumatoid arthritis development. Evidence supporting this hypothesis
includes the observed protective effect seen with the use of oral contraceptives, and the increased
susceptibility for rheumatoid arthritis in women who never bore children and among women during the first
3 months postpartum. The gender difference in the incidence of rheumatoid arthritis tends to diminish with
age, however.

Rheumatoid arthritis is associated not only with disability and pain but with increased mortality as well.
The median life expectancy for patients with rheumatoid arthritis is shortened by 3 to 7 years, although
increased mortality seems to be limited to patients with severe rheumatoid arthritis and has been attributed
largely to infection andgastrointestinal bleeding.

Etiology.Despite intensive research, the  cause of rheumatoid arthritis remains unknown. The pathogenesis
tif this disease is  likely mulGfactoria1  and research has implicated 3 interrelated processes: genetic factors,
microbial infections, and autoimmune reactions.
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Family studies reveal that rheumatoid arthritis has a genetic component. Severe rheumatoid arthritis is
found at 4 times the expected rate in fast-degree  relatives of patients with rheumatoid arthritis, and about
10% of the patients with rheumatoid arthritis have an affected fast-degree relative. Additionally,
monozygotic twins are at least 4 times more likely to be concordant for rheumatoid arthritis than dizygotic
tWhS.

The role of genetic influences in the development of rheumatoid arthritis is further highlighted by the
association of this  disease with  the class II  major histocompatability complex (MHC)  gene product of the
human leukocyte antigen (I-&A)-DR  series. Up to 70% of the patients with rheumatoid arthritis’express
HLA-DR4 compared with 28% of control individuals, with HLA-DRl  found in a majority of HLA-DR4-
negative patients. HLA is an important genetic factor in rheumatoid artlnitis,  and the risk for this disease is
thought to be associated with a sequence of amino acids within the third hypervariable region of certain
DRBI  alleles. It is now clear that HLA  is not directly associated with the onset of synovitis, but, rather, is
associated with the progression and severity of the disease process. The HLA-DRBl*O401/0404  genotype
is particularly associated with severe, erosive, and seropositive rheumatoid arthritis.

HLA genes contribute only a portion of the genetic susceptibility to rheumatoid arthritis; other genes, such
as those controlling the expression of T-cells and both the immunoglobulin heavy and light chains, may
also be involved, as well as environmental factors.

An etiological link between certain microbial infections and the genesis of rheumatoid arthritis is supported
by the fmdings that viral infections, such as rubella, Ross River virus, and parvovirus Bl9, are associated
with the development of acute polyarthritis; and bowel infection secondary to Sahnonella, Shigella, and
Yersinia infection can provoke joint inflammation. Moreover, in Crohn’s disease and ulcerative colitis,
bowel wall inflammation is complicated by joint inflammation in about 20% of the patients.

There is much information to demonstrate that rheumatoid arthritis is an autoimmune disease. Rheumatoid
factors (RFs),  or autoantibodies to the Fc portion of immunoglobulin G (IgG)  molecules, are produced by B
lymphocytes in the blood and synovial tissue of 80% of the patients with rheumatoid arthritis. These cases
are termed “seropositive.” High titers of serum RF are associated with more severe joint disease and with
extra-articular manifestations, especially subcutaneous nodules. Despite the strong association between RFs
and rheumatoid arthritis, RFs  clearly do not cause the disease, since RF elevations also occur with other
diseases, such as tuberculosis and cirrhosis.

Although  a variety of cells are important in perpetuating the chronic damage seen in rheumatoid arthritis,
the actions of macrophages may be of particular importance. Once in the synovium, macrophages are
capable of antigen presentation and T-cell activation. Moreover, the degree of synovial macrophage
infiltration correlates with rheumatoid arthritis severity and progression. I-ILA-DR4 and HLA-DRI  activate
CD4+  lymphocytes, which then produce lymphokmes, including interferon and IL-2 that stimulate
macrophages to produce IL-1 and TNFo..  These macrophage-derived cytokines appear to be strongly
involved in the induction and perpetuation of the chronic inflammatory processes of the joints seen in
rheumatoid arthritis as well as the systemic manifestations of this disease.

Although the precise mechanism by which bone and cartilage destruction occur in rheumatoid arthritis is
not completely understood, the cytokines IL-1 and TNFo  play an important role by stimulating cells in the
inflamed synovium to produce proteolytic enzymes, including collagenase and stromelysin, that can
degrade tissue. The systemic manifestations of rheumatoid arthritis, such as malaise and fatigue, may result
from the release of inflammatory cytokines from  the synovium. The maintenance and propagation of RA
appear to be immunologically mediated intlammatory  processes, although the initial cause of this disease
remains unknown. Thus, pharmacologic agents that block key steps in the inflammatory process might be
expected to provide symptomatic relief and to slow disease progression.
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Current Treatments in rheumatoid arthritis. The principal goals in the treatment of rheumatoid arthritis are
to relieve pain, preserve or improve hctional capacity, reduce inflammation, and prevent structural
damage. Since the etiology of RA is unknown and its pathogenesis is speculative, treatment is typically
empirical. The pharmacologic management of RA usually involves two approaches: symptom control and
disease modification.

Simple analgesics, such as acetaminophen, NSAIDs (e.g., aspirin, indomethecin, ibuprofen, and naproxen),
and, if necessary, low-dose corticosteroids (such as prednisone), have been used as fmt-line therapy to
control the symptoms of rheumatoid arthritis. They exert minimal effects on disease progression, however.
With the long-term and high-dose therapy often required to treat the pain associated with rheumatoid
arthritis, NSAID use can cause a wide spectrum of toxic effects, including gastric irritation, platelet
dyshnction,  and liver tinction abnormalities.

NSAIDs act by blocking cyclooxygenase, and thus, the production of prostaglandins and other mediators of
pain and inflammation. Cyclooxygenase, however, exists as 2 isofonns:  COX-1, involved in normal
physiologic tinctioning and gastroprotection, and COX-2, induced by inflammatory mediators. Typically,
NSAIDs nonselectively inhibit both COX isoforms, increasing their side-effect liability. However, selective
COX-2 inhibitors like meloxicam appear comparable in efficacy to standard NSAIDs in the treatment of
rheumatoid arthritis, but with an improved gastrointestinal tolerability profile.

Of the available anti-inflammatory drugs, only corticosteroids are known to interfere with the synthesis and
actions of cytokines. Although corticosteroids exert both anti-inflammatory and immunosuppressive
effects, their serious potential for side effects, such as osteoporosis, muscle weakness, glucose intolerance,
and cataracts, limits these agents to short-term use.

Current frst-line therapy utilizes a variety of agents classified as disease-modifying  anti-rheumatic drugs
(DMARDs),  even though there is little evidence they actually ameIiorate  the underIying  disease process.
These agents include gold, sulfasalazine, hydroxychloroquine, D-penicillamine,  and irnmunosuppressants
like azathioptie  and methotrexate. Although the majo&  of patients seem to improve on DMARD
therapy, benefits can be delayed for weeks or months; therefore, these agents are also lmown  as slow acting
antirheumatic drugs. In addition, these agents are associated with considerable toiicity, requiring careti
patient monitoring. For example, azathioprine may cause blood dyscrasias (thrombocytopenia and
leukopenia) or gastiointestinal  discomfort.

Recently, the use of methotrexate (MTX),  a cytotoxic immunosuppressant  and anti-inflammatory agent, has
increased significantly in the treatment of rheumatoid arthritis. In a study that included patients with long-
term, progressive rheumatoid arthritis, MTX was shown to produce clinical improvements, including a
decrease in the number of swollen joints and pain, and an increase in grip strength and mobility. In this
study, however, 83% of patients experienced at least one adverse,event,  and 16.5% withdrew because of
side effects. Indeed, toxicity is a serious concern with the use of Mm, which c$ induce stomatitis,
thrombocytopenia, bone marrow suppression, puhnonary lesion, and hepatic fibrosis.

TNFa  plays a key role in the  pathogenesis of RA. This cytosine is overproduced in rheumatoid arthritis
joints and triggers increases in synoviocyte proliferation and a cascade of secondary mediators involved in
the recruitment of inflammato~  cells and in the process of joint destruction. These fmdings  make TNFa  a
logical target in the treatment of rheumatoid arthritis.

In transgenic mouse experiments, mice genetically engineered to produce large amounts of TNFa
developed destructive arthr$is,  suggesting that this cytosine plays some role in the development of R4.
When the mice were administered a monoclonal  antibody against TNFa,  the arthritis was completely
abolished. In another animal model, the presence of intra-articular  TNFa  was shown to accelerate collagen-
induced arthritis, contributing to more severe symptoms. Again, monoclonal  antibodies to TNFa  attenuated
IU symptomatology.
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2.2 Overview of Infliximab and Tumor Necrosis Factor (TNF)

Infliximab (cA2)  is an anti-tumor necrosis factor a (anti- TNFa)  antibody developed as a therapeutic agent
for diseases in which TNFa  is thought to mediate chronic inflammation. This antibody is a recombinant
IgG  1, K human-murine chirneric monoclonal  antibody that specifically and potently binds and neutralizes
the soluble TNFa  homotrimer and its membrane-bound precursor.

TNFa  is considered a key inflammatory mediator that exhibits a wide variety of functional activities.
Overproduction of TNFa  may lead to the disease processes associated with inflammation. High-affmity
binding of infliximab to TNFa  may inhibit or prevent the interactions of TNFa  with its cellular receptors,
thus preventing the deleterious effects caused by TNFa  overproduction.

TNFa,  as a trimer, can bind as many as three TNF receptors, and this cross-linking.of  receptors initiates
signal transduction within the target cell. Two receptors for TNFa  have been characterized: TNF-R p55
(TNF-RI) and TNF-R p75  (TNF-RII). These receptors are found on a wide variety of tissue and cell types.
Binding of TNFa  to TNF-R p55  induces cytotoxicity, fibroblast  proliferation, synthesis of prostaglandins,
up regulation of adhesion molecules, NF-KB  activation, etc. The role of TNF-R p75  is less well defmed;  it
appears to concentrate soluble TNFa  at the cell surface for transfer to TNF-R p55  and may preferentially
bind the transmembrane form of TNF for signaling. The inhibition of TNFa  biological function by
infliximab presumably occurs as a result of its ability to block the interaction of ‘INFa  with its cellular
receptors, suggesting that infliximab can inhibit TN&mediated signaling through either receptor in vivo.
When infliximab is added to preformed TNF/TNF-R  p55  or TNIVTNF-R75  complexes, a rapid (within 5
minutes) dissociation of TNFa  from receptor is observed, with binding of dissociated TNFa  to infliximab
preventing reassociation with receptor.

Results obtained from the preclinical studies in transgenic murine models indicated that infliximab
effectively and potently binds TNFa,  that infliximab blocks the typical disease progression seen in RA, and
that further study of infliximab in humans was warranted.

Six clinical trials were performed with infliximab in patients with rheumatoid arthritis. Single and multiple
weight-adjusted intravenous infusions at doses of I to 20 m@g  in the presence and absence of
methotrexate were investigated in these infliximab clinical studies. A total of 660 patients with active
rheumatoid arthritis participated in these 6 clinical trials of infliximab; of these patients, 553 were assigned
to receive (and 555 actually received) treatment with infliximab.

The studies included 1 Phase I clinical trial (COl68TO7);  1 open-label phase II clinical trial (COl68Tl8);  3
blinded, placebo-controlled phase II clinical studies (COl68TO9,  COl68Tl4,  COl68Tl5/Tl7) and a
randomized, double-blind, placebo-controlled Phase III trial (CO 168T22).

The initial trials of inflixirnab  in patients with active, long-standing, erosive rheumatoid arthritis who had
failed DMARD therapy, were designed to address issues important for selecting the appropriate dose and
dosing interval. In the first trial, COl68TO7,  infliximab therapy at repeated doses of 5 and 10 rnag  was
shown to be effective in reducing the signs and symptoms of R4 through the last follow-up evaluation 8
weeks after the last infusion. In CO 168TO9,  a single dose of infliximab at 1 mgikg  was shown to produce a
clinical benefit, but that this benefit was less .than  the clinical benetit  observed at single doses of 3 or 10
mg/kg.  In COl68Tl5/Tl7,  patients with an inadequate response to 10 mdwk of MTX responded equally
well to single infliximab doses of 5, 10, or 20 m&g.  Especially notable was that patients receiving
repeated infusions of 10 mg/kg  had sustained clinical benefits at intervals as long as 8 weeks between
infusions.
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The pivotal clinical trial, CO1  68T-22  (TZ,  ATTRACT) and the supportive phase 2 clinical trial,
COl68Tl4,  are the focus of this review.
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3.0 Review of the Safety and Efficacy Data from the Clinical Trial, COl68T22  (T22 or Attract).

3.1 Background

T22 is an ongoing placebo-controlled, double-blind, randomized study of chronic treatment of rheumatoid
arthritis with infliximab. The trial has two endpoints. The fast clinical endpoint was after all patients had
completed 30 weeks and were assessed for a clinical response in their signs and symptoms: The clinical
trial was initially planned to end after all patients had completed 54 weeks and their disease assessed for
differences in radiological progression. However, the protocol was amended to extend the trial for two
years with an interim analysis of the 54 week data. The 30 week endpoint of T22  represents the pivotal
support for the proposed changes in indication. This review is of the 30 week data; the study period is
March 31,1997  to August 31,1998.

Protocol Amendments. There were four amendments to T22.

Amendment I was dated April 29, 1997 and included the following revisions:

l Normalization of the CRP replaced normalization of the ESR in the criteria for clinical remission.
The rationale for this change was to avoid the potential unmasking of the principal investigators
by knowledge of the ESR  changes. The CRP  was assayed at a central laboratory whereas the ESR
was assayed on site.

l Specified that the duration of infusion should not be less than 2 hours.

l Increased the number of sites from 25 to 35.

Amendment 2 was dated September 18, 1997 and included the following revisions:

l Increased the total mmrber  of patients to be randomized from  -300 to -400 patients. The rationale
was increase the number of patients in the safety database.

. Inserted the requirement for measurement of the ESR as a response variable at the week 30 and 54
evaluation visit. The rationale for this change was that ESR is a commonly monitored response
variable in rheumatoid arthritis. Results of the ESR were unknown to the principal investigators
until after the database has been locked for each endpoints.

l No longer excluded patients with history of squamous or basal cell carcinoma of the skin that had
been treated with no evidence of recurrence.

l Amendment 2a dated September 18, 1997 applied only to clinical sites in France where the
placebo formulation containing human serum albumin USP was replaced with 0.9% sodium
chloride in order to comply with France’s regulations.

Amendment 3 was dated August 29, 1998 and included the following revisions:

l Specified that in the primary analysis, epidural corticosteroids administration will be considered a
treatment failure.

l Replaced the vveek  74 major visit with a week 78 evaluation visit, at which all patients will have
an evaluation of all efficacy and safety parameters.

l Inserted the requirement for measurement of ESR as a response variable at week 78 and 98 visit.

. Specified that for the period in between the week 78 and 98 visits not all adverse events were to be
assessed, but only serious infections, newly diagnosed malignancies and autoimmune diseases.
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Amendment 4 was dated September 30, 1998 and included the following:

l Permitted patients to receive additional treatment during the second year (through 102 weeks)
beyond the 54 weeks of treatment. The rationale was to comply with the guidance to industry
document for a minimum of 2 year data to support the claim for improvement in physical
function/disability and to comply with the European guidance for support of a claim for
prevention of structural damage.

l Specified the follow-up schedule and procedures for patients participating in the second year
treatment extension.

l Replaced the fmal week 98 major visit with a week 102 evaluation visit, at which all patients will
have an evaluation of efficacy and safety parameters.

3.2 Clinical Study Design - T22 (ATTRACT)

T22 was a placebo-controlled, double blind, dose-ranging, randomized study of chronic treatment for
patients with rheumatoid arthritis who continued to experience signs and symptoms while receiving
methotrexate (MTX).

3.2.1 Objectives

The objectives of this trial were to evaluate the efficacy and safety of chronic treatment with infliximab in
combination with methotrexate (MTX) in patients with active rheumatoid arthritis despite treatment with
MTX. The primary objective was to determine the efficacy and safety of infliximab treatment in reducing
clinical signs and symptoms of rheumatoid arthritis at 30 weeks following the onset of treatment.

Additional protocol-specified objectives ofthe study were to determine the efticacy  and safety of
mfliximab treatment in providing contmued  reduction in signs and symptoms, reducing disability, retarding
joint damage, providing disease remission, and improving quality of life at I and 2 years following the
onset of treatment. The results of these later analyses will be provided after the appropriate timepoints.

3.2.2 Dose and dose-regimens

428 patients were enrolled. Four infliximab treatment groups were compared with placebo (MTX alone).
Patients in each treatment group continued concurrent MTX treatment at the same dose as that received
before the study (2  12.5 mg/wk  orally or parentally). The dosing groups and treatment schedules are
shown in Table 3.1.

Table 3.1 Treatment schedule through week 30 for the five dosing groups
Week 0 2 6 10 14 18 22 26
Infusion 1 2 3 4 5 6 7 8 Follow-up
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6.0 Conclusions regarding Overall Safety and Efficacy of Infliximab

Results from the pivotal trial, l22  (ATTRACT) indicate that all of the doses and dose regimens of
infliximab evaluated in patients with rheumatoid arthritis who are being treated with MTX show clinical
benefit. Review of these data for adverse events, indicate that patients treated with infliximab have an
increased risk for infection and infi.tsion  reactions. Patients with rheumatoid arthritis who receive MTX
may have a slightly increased risk of experiencing adverse events known to occur with MTX, e.g.,
increased liver enzymes, ulcerative stomatitis. In controlled clinical trials, only 555 patients with
rheumatoid arthritis have been exposed to infliximab, so the degree of these safety concerns cmot  be
accurately assessed. In addition, it camrot be determined from the small exposure history ifp&nb b&g
treated with both infliximab and MTX will be at increased risk for the more serious but less common
adverse events known to occur with MTX treatment, e.g., puhnonary fibrosis..

There remain some important safety questions that cannot be answered with this small overall database:
Are patients treated with infliximab at greater risk for pancreatitis and biliary tract disease (acalculous
cholecystitis was seen in both T22 and in T20,  the occurrence of pancreatitis was higher in patients enrolled
in T22 treated with inflixirnab)?

As shown by review of the data generated in the phase study, T14, higher serum levels of infliximab were
maintained and more patients experienced benefit when infliximab was given in conjunction with MTX.
The most likely explanation for this interaction, is that MTX decreases a neutralizing immunological
response to infliximab. Based upon these results, the sponsor evaluated infliximab in conjunction with
MTX in patients with rheumatoid arthritis. Consequently, infliximab should be licensed to be given in
conjunction with IvJTX.

The clinical implications of the immunogenicity of infliximab remains poorly defmed. The following lists
want is known from  the clinical data:
. It is known that an immunological response to infliximab can neutralize the product both

pharmacokinetically and clinically, is assocated  with both acute and delayed hypersensitivity reactions,
and most likely explains the infusion reactions.

l It appears that infliximab depresses the immunological response since benefit was seen in patients
treated with higher doses of infliximab without MTX in Tl4..

l There may be a difference in the degree of immunogenicity between the product studied in earlier trials
(i.e., T14 and T16) and that studied in later clinical trials (e.g., ‘I’22  and T20)  as shown by the
difference in the incidence of delayed hypersensitivity reactions seen in patients in T24. However, the
current product has been associated with delayed hypersensitivity reactions, so the imm.mological
stimulant is still present.

l It appears from review of infusion reactions in all of the clinical trials that co-administration of an
immunosuppressant diminishes the risk for an infusion reaction.

In summary, I recommend that infliximab be licensed for the treatment of patients with rheumatoid arthritis
who have not responded to treatment with MTX. Infliximab should be administered with MTX. The
sponsor should continue to investigate the clinical significance of the immune reactions to infliximab in
order to determine whether or not patients who are not receiving MTX will experience clinical benefit.
Physicians and patients should be alerted that the safety database is extremely small and should be
encouraged to report adverse events, particularly, infections, liver/biliary  disease, and malignancies.
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